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Thestudyof hadronicmatterin theregimeof high
baryondensityand small temperaturehasrevealed
a rich and beautiful phasestructure. One phase
which hasattractedparticular interestis the color-
flavor locked(CFL) phaseof threeflavor quarkmat-
ter. This phaseis expectedto be the true ground
stateof ordinarymatterat very high density. State
of theart calculationsarenot sufficiently accurateto
predict the critical densityof the transitionto CFL
matterwith any certainty. Current estimatestypi-
cally rangefrom ρcrit � � 3 � 6� ρ0, whereρ0 is the
saturationdensity of nuclearmatter. An exciting
prospectis the possibility to put experimentalcon-
straintson the critical densityfrom observationsof
neutronstars.Severalproposalshave beenmadefor
observablesthatarecharacteristicof differentsuper-
fluid quarkphases,andattemptsarebeingmadein
orderto includethesephasesin realisticneutronstar
structurecalculations.

Initial work on the superfluidphasesof QCD fo-
cussedmostlyon idealizedworldswith Nf flavorsof
masslessfermionsandno externalfields. But in or-
der to understandthematterat thecoreof realneu-
tron starsthe effects of non-zeromassesand finite
chemicalpotentialsclearlyhave to betaken into ac-
count.

The main observation in this work wasthat a fi-
nite strangequarkmassshifts theFermimomentum
of the strangequarkwith respectto the Fermi mo-
mentumof the light quarks. If the mismatchbe-
tweentheFermimomentais biggerthanthegapthen
pairing betweenstrangeand non-strangequarksis
no longer possible. The transitionfrom CFL mat-
ter to quarkmatterwith separatepairingamonglight
and strangequarks(2+1SC) is predictedto occur
at ms ��� pF ∆. Alford et al. observed that in the
vicinity of this phasetransition we expect to en-
counter inhomogeneousBCS phasesanalogousto
theLarkin-Ovchinnikov-Fulde-Ferell (LOFF) phase
in condensedmatterphysics. In the LOFF phase
Cooperpairshave non-zerototal momentumandas

aconsequence,pairingis restrictedto certainregions
of theFermisurface.

In the presentwork we analyzeCFL matter for
strangequarkmassesandchemicalpotentialsbelow
the unlocking transition. We will argue that in this
regimeCFL matterrespondsto theexternal“stress”
by forming a Bosecondensateof kaonsor pions .
This effect canbeunderstoodasa chiral rotationof
theCFL orderparameter. The critical chemicalpo-
tential behavesasµe � � mms∆ � pF andthe critical
strangequarkmassasms � m1� 3∆2� 3, wherem is the
light quarkmass,∆ is the gap,and pF is the Fermi
momentum. We note that parametrically, both the
critical µe andm2

s �
�
2pF � aremuchsmallerthanthe

gap.
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Figure 1: Massesof mesonsas a function of the
strangequarkmass.
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